Patients with primary breast cancer following primary ovarian cancer do not comprise a large clinical entity, and reports of the survival outcomes of this cohort are rare. The purpose of this retrospective population-based research was to investigate the survival outcomes of patients with primary breast cancer after primary ovarian cancer.
Background
Ovarian cancer and breast cancer are the most common malignancies in women. Ovarian cancer is the fifth major cause of cancer mortality among women with 22 440 new cases and 14 080 deaths in the United States (US) during 2017 [1] . In addition, approximately 252 710 new cases and 40 610 deaths due to invasive breast cancer are expected to occur among US women in 2017 [2] . Women with breast cancer have a higher incidence of second primary cancers, particularly ovarian and endometrial cancer [3, 4] . Similarly, patients diagnosed with ovarian cancer have an increased incidence of breast cancer. The actuarial risk of developing breast cancer is 7.8% in the 10-year period following ovarian cancer [5] . Most ovarian cancer patients have advanced disease at the time of diagnosis, resulting in poor long-term survival [6] , and the 5-year survival (OS) for those with ovarian cancer is only 45.6% [7] . However, improved OS and cancer-specific survival (CSS) have been reported for patients with breast cancer following an ovarian cancer diagnosis [8, 9] .
Unfortunately, most studies have small sample sizes, and no population-based statistics exist regarding the survival outcomes of women with primary breast cancer following primary ovarian cancer. The main aim of this retrospective populationbased analysis was to estimate the survival outcomes and clinical characteristics of patients with primary breast cancer after primary ovarian cancer from the National Cancer Institute's Surveillance Epidemiology and End Results (SEER) database.
Material and Methods

Data source
A cohort of patients diagnosed with primary breast cancer following primary ovarian cancer from 1973 to 2014 was drawn from the National Cancer Institute's SEER database. The patient data in the present study were derived from 18 population-based cancer registries, as released in November 2016. Patient data are de-identified and made available to the public for research purposes. Because the SEER program is an openaccess resource and patients are de-identified, this study was exempt from ethical review and does not contain any personally identifiable information. The SEER program statistical analysis software package (SEER*Stat version 8.3.4) was used to extract the data.
Clinical information
Demographic variables (marital status, year of diagnosis, race, registration area, age at diagnosis, and follow-up of patient status), and clinicopathological variables (tumor grade, American Joint Committee on Cancer (AJCC) stage, histological subtype, survival and cause of death, and associated treatment) were extracted using the "case-listing" option. Primary breast cancer cases and primary ovarian cancer cases were eligible for the study, and cases of metastatic tumors to the breast and ovary from other origins were excluded. Thus, only primary breast cancer and primary ovarian cancer patients were included, and patients with a clinical history of other cancers were excluded. Finally, 1455 patients with breast cancer following ovarian cancer were identified (Figure 1 ).
The ICD-0-3 site/histology validation list and the World Health Organization histological classification were used to identify ovarian cancer and breast cancer. The cancer stage was based on the AJCC staging system. Ovarian cancer staging between 1988 and 2003 was defined by the 3rd edition of the AJCC TNM categories. Ovarian cancer staging between 2004 and 2014 was derived from the 6th edition of AJCC TNM categories. Breast cancer staging between 1988 and 2014 was determined by an adjusted version of the categories of the 6th edition of the AJCC TNM system. In the SEER database, the cause of death is linked to the National Death Index and state mortality records for validation.
Statistical analysis
The diagnosis time interval from ovarian cancer to breast cancer was calculated. The CSS and OS were analyzed as the principal outcomes using the Kaplan-Meier method. The magnitudes of statistical significance were expressed as the hazard ratio (HR) and 95% confidence interval (CI). Univariate and multivariate Cox hazard regression analyses were also applied to determine independent predictors of CSS in patients with breast cancer and ovarian cancer. All statistical analyses were conducted using IBM SPSS 24.0 and Graph Pad Prism 7.0. P<0.05 was considered statistically significant.
Results
Over the past 41 years, 1455 patients were identified who had primary breast cancer following primary ovarian cancer in the SEER database. There were 1.05% of ovarian cancer patients with chemotherapies who developed breast cancers, while 1.03% of patients developed breast cancers who were reported without chemotherapies. The demographic and clinicopathological characteristics are presented in Table 1 .
The median diagnosis time from ovarian cancer to breast cancer was 60 months (range, 1-453 months). The median age at ovarian cancer diagnosis was 58 years (range, 10-94 years).
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The majority of the population were white (87.1%), and 69.0% were younger than 65 years. The median age at breast cancer diagnosis was 65 years (range, 22-97 years), and 47.7% were younger than 65 years of age. Of the 1455 patients, 94.8% underwent ovarian cancer-related surgeries, 87.9% underwent breast cancer-related surgeries, 50.7% received ovarian cancer-related chemotherapies, 27.9% received breast cancer-related chemotherapies, 6.1% had ovarian cancer-related radiation therapies, and 33.1% had breast cancer-related radiation therapies, but the detailed surgical approaches, the specific chemotherapy regimens, and the concrete radiation therapies were not known.
The multivariate survival analysis showed that independent predictors of ovarian cancer CSS were age at diagnosis (P<0.001), cancer stage (P<0.001), diagnosis time (P=0.005), and histological types (P=0.001), while age at diagnosis (P<0.001), tumor grade (P=0.044), cancer stage (P<0.001), and diagnosis time (P<0.001) were independent predictors of breast cancer CSS after adjusting for age at diagnosis, marital status, tumor grade, year of diagnosis, stage, chemotherapy, radiation, and histological types. However, chemotherapy was negatively associated with ovarian cancer CSS (P<0.001) and breast cancer CSS (P=0.019) ( Table 2 ). The differences in these adjusted variables were statistically significant in univariate analysis of CSS (Table 3) .
Of the 1455 patients, 257 patients (26.7%) died of ovarian cancer, 212 patients (23.1%) died of breast cancer, and 272 patients (18.7%) died of other causes. Kaplan-Meier survival analysis showed that a higher survival benefit was observed in patients with breast cancer following ovary cancer than ovary cancer patients without secondary or more malignant tumors (P<0.001). The 5-year and the 10-year OS rates for the entire cohort of 1455 patients were 81.7% and 67.4%, 17.0% and 6.5% for 110 639 ovary cancer patients, respectively ( Figure 2 ). Survival analysis showed that the 5-year and the 10-year CSS rates of ovarian cancer were 84.2% and 74.3% (Figure 3 ), and those of breast cancer were 76.0% and 67.8% (Figure 4 ), respectively.
The median diagnosis time intervals from ovarian cancer to breast cancer were 63 months (range 1~453 months); the mean interval was 87.91 months. As shown in Figure 5 , in the entire 
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group, 50.7% of the patients were diagnosed with breast cancer within 5 years after being diagnosed with ovarian cancer and 74.6% were diagnosed within 10 years. As the time after diagnosis increased, the number of patients diagnosed with breast cancer following ovarian cancer decreased.
Discussion
To the best of our knowledge, few studies have evaluated the survival outcomes of patients with breast cancer after a diagnosis of ovarian cancer. A previous study demonstrated that the 5-year OS rate of ovarian cancer was only 45.6% [7] . However, the survival rates of women with breast cancer following ovarian cancer differ from those of women with ovarian cancer who do not develop breast cancer. A recent study revealed that the 5-year and 10-year OS rates were 58.3% and 50% for BRCA mutation-associated ovarian cancer patients who developed breast cancer but 30.9% and 13.8% for BRCA mutation-associated ovarian cancer patients who did not develop breast cancer [8] . Our study showed that the 5-year and 10-year OS rates for the entire cohort were 81.7% and 67.4%, while the corresponding OS rates of ovarian cancer patients without secondary or more malignant tumors were 17.0% and 6.5%. Our results showed that patients diagnosed with breast cancer following ovarian cancer survived longer than ovarian cancer patients who do not develop breast cancer.
Younger patient age, early cancer stage, and newly diagnosed nonserous ovarian cancer were significantly associated with better CSS of ovarian cancer in our study. Choi et al. [10] also showed that advanced stage, older patient age, poor grade, and serous epithelial ovarian cancer may result in poor survival. Cancer staging is an important factor in determining the survival outcomes and prognosis of women with ovarian cancer. Most patients with advanced-stage cancer have a worse prognosis and die as a result of the disease [11] . Heintz et al. [12] found that the 5-year survival rates were 85%, 70%, 32%, and 18.6% for patients with stage I, IIA, IIIC, and IV disease respectively. Thus, 32.7% of women with ovarian cancer classified as early-stage (stage I, 23.2%; stage II, 9.5%) lived an extended period of time after developing breast cancer.
In addition, the inclusion of fewer serous (38.2%) and younger (<65 years, 69%) ovarian cancer patients may partially contribute to the improved survival. Most studies have reported a low prognostic value for histological type, probably because of bias in analysis due to difficulties in diagnosis and/or small samples. However, in some studies, the serous type of ovarian cancer was an independent prognostic factor and tended to decrease survival [13, 14] . Younger patients with epithelial ovarian cancer have been reported to have a better survival rate than older patients [11, 15, 16] . Moreover, from 1975 Moreover, from -2004 to 2005-2011 the 5-year OS rate of ovarian cancer increased from 36.0% to 45.9% and from 74.8% to 90.7% for breast cancer [7] . Our study also found that diagnosis time was associated with better survival, which may be largely attributable to improvements in treatment. However, chemotherapy was negatively linked to ovarian cancer CSS. This may be because there had been more early-stage cases (132 stage I patients account for 38.9% in all kinds of stages) and less serous ovarian cancers cases (97 patients account for 28.6% in histology) in patients without chemotherapy, there had been had less early-stage cases (130 stage I patients account for 20.9% in all kinds of stages) and more serous ovarian cancers cases (297 patients account for 47.7% in histology) in patients with chemotherap.
Several studies have reported that approximately 15% of ovarian cancer patients, irrespective of family history, have BRCA1 or BRCA2 mutations [17] , and that BRCA1/2-associated ovarian cancer is related to improved OS and progression-free survival (PFS) regardless of tumor stage, grade, or histological subtype [18] [19] [20] . BRCA1 or BRCA2 carrier status can be considered a factor influencing the survival rate. Whether BRCA has any effect on survival in this study remains unknown because of a lack of data regarding BRCA carriers. Although the SEER database lacks information on BRCA carriers, the aforementioned results suggest 3877 that younger patient age, early cancer stage, newly diagnosed, and nonserous ovarian cancer can partly explain the good survival of women with breast cancer after ovarian cancer.
Available studies have shown that the median diagnosis time from ovarian cancer to breast cancer was 50.5-108 months [8, 9] . McGee et al. [5] reported that the average diagnosis interval from ovarian cancer to breast cancer was 3.5 years. The aforementioned studies were all based on small sample sizes. The present population-based study showed that 50.7% of the patients were diagnosed with breast cancer within 5 years after a diagnosis of ovarian cancer and 74.6% were diagnosed within 10 years. A greater number of ovarian cancer patients were diagnosed at shorter the time interval, but as the time interval progressed, the ovarian cancer incidence gradually decreased. In our study, most breast cancer diagnoses occurred in the first several years after a diagnosis of ovarian cancer. Thus, breast cancer surveillance may need to be advocated during the first few years after a diagnosis of ovarian cancer. However, Gangi et al. [8] reported that 8.9% of BRCA1/2 mutation carriers who have a history of ovarian cancer developed breast cancer, and Vencken et al. [21] showed a 6% 5-year risk of primary breast cancer in 79 women with BRCA-associated ovarian cancer. Domchek et al. [9] reported 5-year and 10-year breast cancer-free survival rates after ovarian cancer diagnosis 97% and 91%, respectively and that all deaths in this cohort were owing to ovarian cancer. These data support the use of less aggressive risk-reduction strategies of breast cancer during the first few years after a diagnosis of ovarian cancer. Peters et al. [22] considered that appropriate breast cancer screening and prevention are necessary for ovarian cancer patients with less favorable advanced-stage disease who achieve sustained remission (>2 years), or with early-stage disease or more favorable advanced disease. In addition, the benefits of early diagnosis of breast cancer need to be balanced the risks of additional testing, including the potential risks/limitations of false-positive test results, overdiagnosis, and patient anxiety. Additionally, decisions need to incorporate the patient's life expectancy from the ovarian cancer itself [23] .
Although multivariate survival analysis revealed that age, histological grade, cancer stage, and diagnosis time were independent predictors of breast cancer CSS, the 5-year CSS rate for breast cancer was only 76.0%, in contrast to 89.4% to 90.3% in other studies [7, 24] . Some studies have suggested that OS and the prognosis of patients diagnosed with breast cancer following ovarian cancer was determined by ovarian cancer [8, 9] . However, 212 patients (23.1%) died of breast cancer, 257 patients (26.7%) died of ovarian cancer and 272 patients (18.7%) died of other causes in this study; thus, both cancers had serious impacts on overall health. Neither ovarian cancer nor breast cancer obviously can determine the mortality rate of patients with breast cancer following ovarian cancer.
This was the first population-based study examining the survival rate of patients with breast cancer following ovarian cancer. The major advantage of our study was that we reported the survival rates of a large number of patients with ovarian cancer and breast cancer using the well-established SEER cancer registry, which was set up to reflect the general populationbased data. In addition, our study contained only patients diagnosed between 1973 and 2014 with the majority diagnosed between 1993 and 2014. Therefore, the management of patients might have been more current and uniform in our study.
The main limitation of our study was that information on the concrete surgical types, detailed chemotherapy, and radiotherapy regimens, and the proportion of BRCA1/2-associated ovarian cancers were not available. As a result, we could not confirm the effects of surgery, chemotherapy, radiotherapy, or BRCA1/2 on the survival of patients with ovarian cancer and breast cancer. Moreover, selection bias may have been introduced due to the retrospective nature of the study.
Conclusions
Our study evaluated the survival of a sub-cohort of patients with breast cancer following ovarian cancer whose demographic and clinicopathological characteristics were obtained from the SEER database of the United States. Patients with breast cancer following ovarian cancer survive longer and have other well-described prognostic factors for improved survival rates including an early cancer stage, nonserous ovarian cancer, a younger patient age, and a new diagnosis.
